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Tiemonium methylsulphateThree ion selective electrodes were developed for the quantification of Tiemoniummethylsulphate (TIM).
Two of these sensors involve the construction of water insoluble ion-association complexes; namely sen-
sor1 TIM-phosphotungstate (TIM-PT) and sensor 2 TIM-Reinecke (TIM-R). Molecular recognition ele-
ments have extensive applications in electrochemical sensors with a significant potential for future
development thus a third electrode utilizing molecularly imprinted polymer was constructed; sensor 3
TIM-MIP. The proposed sensors showed fast, stable Nernstian responses of 56.4, 56.1and 57.5 mV/decade
for sensors 1, 2 and 3, respectively, across a relatively wide TIM concentration range (1  104 to
1  102 mol L1 for sensors 1 and 2 and 1  10–5 to 1  10–2 mol L1 for sensor 3) in the pH range of
2–7. Sensor 1 and sensor 2 can be used for five weeks while sensor 3 for 65 days without a significant
change in sensitivity. The suggested method was used to determine TIM in dosage forms. No measurable
difference was obtained when the result statistically compared with respect to accuracy and precision
with reported HPLC method.
 2016 Publishing services provided by Elsevier B.V. on behalf of Faculty of Pharmacy, Cairo University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
Tiemonium methylsulphate (TIM), 4-[3-Hydroxy-3-phenyl-3-
(2-thienyl) propyl]-4-methyl-morpholinium methylsulphate,
Fig. 1 is quaternary ammonium antimuscarinic drug which is used
to relief visceral spasms. Few methods have been reported for TIM
determination which includes: spectrophotometric [1], HPLC [2,3].
Being cationic; anionic types of ion exchangers, such as Ammo-
nium Reinecke (R) and PT as counter ions association complexes
was suggested for TIM analysis. These complexes are embedded
in poly (vinyl chloride) (PVC) matrix membranes plasticized with
suitable solvent mediators. ISEs have the advantage of being used
for determination colored, turbid, and viscous samples. Further-
more, they may be applied for measurement over a wide concen-
tration range. The chemical design of the electrodes has been
constructed to give superior selectivity and response beside its
simplicity, ease to develop, set up and run [4].
Enhancing the selectivity is achieved by designing the sensing
materials that are complementary to the size and charge of a par-
ticular ion [5]. Molecular imprinting is recognized as the most
promising methodology for the preparation of synthetic tailor-made polymers with selective adsorption [6,7]. Besides their
antibody-like molecular selectivity, molecularly imprinted poly-
mers (MIPs) have several other attractive features including
robustness, use in both aqueous and nonaqueous media, stability
at elevated temperatures and pressures, good shelf-lives, re-use
without significant deterioration of their properties and low cost
[8,9].
Based on the fact that no reported methods involve the use of
membrane –based ion selective electrode for TIM analysis. Thus
the aim of the present work was to develop simple, sensitive and
selective sensors for the determination of TIM2. Experimental
2.1. Chemicals and reagents
Ammonium Reinecke (RN), Polyvinyl chloride (PVC)and Benzoyl
peroxide (Fluka Chemie GmbH, St. Louis, USA), dioctyl phthalate
(DOP), sodium phosphotungstate tribasic (PT) and acetonitrile
were purchased from Aldrich (Steinhein, Germany). Tetrahydrofu-
ran (THF) and Divinylbenzene (DVB) obtained from Aldrich (Mil-
waukee, WI, USA). Polyacrylamide obtained from Fluka
(Ronkonoma, NY), KCl (Sigma, Aldrich).ulletin
Fig. 1. Chemical structure of Tiemonium methylsulphate.
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Pharmaceutical grade Tiemonium methylsulphate was kindly
supplied by ADWIA Pharmaceuticals Co., Cairo, Egypt, and certified
to contain 100.6%.
2.3. Pharmaceutical formulation
The commercial Viscéralgine tablets Batch No. 710196, labeled
to contain 50 mg of TIM/tablet manufactured by SEDICO Pharma-
ceutical Co., Egypt, under license of Riom laboratories – France.
The dosage form was purchased from the Egyptian markets. The
commercial Viscéralgine syrup Batch No.0216369, labeled to con-
tain 10 mg of TIM/5 mL manufactured by SEDICO Pharmaceutical
Co., Egypt.
2.4. Instruments
Ag/AgCl double-junction – type external reference electrode
(Thermo Scientific Orion 900200, MA, USA; 3.0 M KCl saturated
with AgCl as an inner filling solution and10% KNO3 as a bridge elec-
trolyte) and Jenway digital ion analyzer (model 3330; Essex, UK)
were used for potentiometric measurements. For pH adjustments
a pH glass electrode, Jenway (Essex, UK) was used. The determina-
tion of the samples occurred using a Magnetic stirrer, Bandelin
Sonorox, Rx510S (Budapest, Hungaria).
2.5. Standard solutions
(a) Tiemonium methylsulphate stock solution (1  101 M). It
was prepared by transferring 4.296 g of TIM into a 100-mL
volumetric flask, then dissolving in 90-mL double-distilled
water, shaked till complete dissolution and then complete
the volume with water.
(b) Tiemonium methylsulphate working solutions (1  106 to
1  102 M). It was prepared by suitable dilution of its stock
solution using water.
2.6. Procedures
2.6.1. Fabrication of sensors1 and 2
TIM ion pair complex was prepared by mixing 10 mL of
1.0  102 mol L1 solution of TIM with 10 mL saturated solution
of (PT) and (R) for sensors 1 and 2, respectively. The resultant pre-
cipitate was filtered using Whatman filter paper No. 42, washed
with cold water, dried at room temperature (about 20 C) and
ground to fine powder. For the preparation of sensors 1 and 2, a
portion (10 mg) of drug-ion exchanger was thoroughly mixed with
0.19 g PVC and 0.35 mL DOP in a glass petri dish (5 cm diameter)
then dissolved in 5 mL THF [10,11]. In a polyethylene sleeve, a
rod of spectrographic graphite (5 mm in diameter and 15 mm in
length) was inserted. 3 mm of the protruded rod served as a mea-
suring surface. Acetone was used for washing this end of the rode,
dried in air for 3 h, and dipped rapidly into the previously prepared
PVC solution. After each dipping; the solvent was allowed to evap-
orate in the air, and the dipping process was repeated 6–8 times to
produce a uniformmembrane on the surface of the graphite rod. In
the polyethylene sleeve, one drop of mercury was added to ensurePlease cite this article in press as: L.A. Hussein, Application of membrane-selecti
Facult Pharmacy Cairo Univ (2016), http://dx.doi.org/10.1016/j.bfopcu.2016.11electrical contact with the connection cable. The coated graphite
rod was conditioned by soaking in a 1  102 M TIM solution for
24 h, and stored in the same solution when not in use [12,13].
2.6.2. Fabrication of sensor 3
In a 15 ml glass vial, the template (TIM) 0.25 mmol, functional
monomer (acrylamide) 1.0 mmol and 5 ml of acetonitrile were
placed. The contents were shacked well to ensure the formation
of pre-polymerization complex. Subsequently, divinylbenzene
(cross-linker) 10 mmoles and initiator benzoyl peroxide 0.15 mmol
were added for sensor 3. The mixture was purged with nitrogen for
10 min to create an inert atmosphere. The vial was completely
sealed and kept in water bath at 55 C for 24 h to complete the
polymerization reaction. In the same manner, the control or non-
imprinted polymer (NIP) was also prepared but without the addi-
tion of a template. The glass vial was broken and the resultant rigid
bulk products were washed with water to remove unreacted pre-
cursors, dried, crushed and ground into powder using mortar and
pestle. Double distilled water was used for washing the polymer
in order to elute the template and then complete elution of tem-
plate was confirmed from pH of the eluent as well as by UV/VIS
spectrophotometer. The particles were dried under vacuum at
50 C overnight and then used for further studies. The PVC mem-
brane sensors were fabricated by following the general procedure.
Ninety mg of PVC powder with 45 mg of MIP particles, 10 mg of
NaTPB and 0.4 ml of DOP were dissolved in 6.0 ml THF. The result-
ing mixture was adequately mixed for 20 min with a magnetic stir-
rer and then was poured into a Petri dish of internal diameter 5 cm.
Solvent was left to evaporate at room temperature while the Petri
dish was covered with a filter paper. Master membranes (0.10 mm
in thickness) were obtained. From the master membranes, discs
(8 mm diameter) were cut using a cork borer and pasted using
THF to an interchangeable PVC tip which was clipped into the
end of the electrode glass body. The glass body was filled with
equal volumes of 1.0  102 mol L1 TIM in 0.01 M HCl and
1.0  102 mol L1 KCl as internal reference solution. 3 mm Ag/
AgCl coated wires were used as internal reference electrodes. Con-
ditioning of those sensors was done by soaking in 1.0  102 -
mol L1 TIM for 24 h before use. They were stored in these
conditions when not in use and in distilled water between
measurements.
2.6.3. Sensors calibration
Fifty milliliters aliquots of solutions (1  106 to 1  102
mol L1) of TIM were separately transferred into a series of 100-
mL beakers. In the above test solution, the sensors in conjunction
with Ag/AgCl reference electrode, were immersed and allowed to
equilibrate while stirring. The potential was recorded after stabiliz-
ing to ± 1 mV, and the electromotive force was plotted as a func-
tion of the logarithm of TIM concentration.
2.6.4. Effect of pH
The effect of pH on the response of the sensors was studied
using 1  103 M solutions of TIM with pH ranging from 1 to 10.
The pH was adjusted with 2 M hydrochloric acid and sodium
hydroxide solutions.
2.6.5. Identification of slope, response time and operative life of the
studied sensors
The electrochemical performance of the studied sensors was
evaluated according to IUPAC recommendation data [14]. The
dynamic response times of the sensors were examined by record-
ing the potential readings at time intervals of 10 s over 2 min. The
long-term reproducibility and stability of the potentials were eval-
uated by determining replicate calibration graphs over a period of
30 weeks.ve electrodes for the determination of Tiemoniummethylsulphate, Bulletin
.001
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According to IUPAC guidelines [14], the potentiometric selectiv-
ity coefficients (KpotA:B) of the proposed sensors towards different
substances were evaluated using separate solution method by
applying the following equation:
 log KpotA:B
  ¼ E1  E2
2:303RT=ZAF
þ 1 ZA
ZB
 
log aA
where KpotA:B is the potentiometric selectivity coefficient, E1 and E2 are
the potential readings recorded after exposing the electrode to the
same concentration of the studied drug and the interferent, respec-
tively, ZA and ZB are the charges of TIM and interfering ion, respec-
tively, aA is the activity of the drug and 2.303RT/ZAF represents the
slope of the investigated sensors (mV/concentration decade).
2.6.7. Determination of Tiemonium methylsulphate in pharmaceutical
formulations
2.6.7.1. Viscéralgine tablets. Twenty tablets of Viscéralgine tablets
containing 1000 mg were finely powdered in a small dish.
Amounts of the powdered tablets equivalent to 0.429 mg TIM,
were accurately transferred into two 100-mL measuring flasks
and the volumes were completed to the mark with water to pre-
pare a 1  102 M aqueous solution of TIM. The produced potential
readings upon immersing the prepared electrodes in conjunction
with the double junction Ag/AgCl reference electrode in the pre-
pared solution were recorded and compared with the calibration
graphs.
2.6.7.2. Viscéralgine syrup. In order to prepare 1  102 M TIM; a
volume of 0.215 mL of Viscéralgine syrup was accurately trans-
ferred into a 100 mL volumetric flask,. The volume was completed
to the mark with distilled water. The potentiometric measure-
ments were done using the proposed sensors in conjunction with
the Ag/AgCl reference electrode, and the potential readings were
compared to that of the same concentration of standard TIM or
from the corresponding regression equation.
3. Results and discussion
As a result of the increased numbers of pharmaceutical prod-
ucts; there is a great demand for a fast, sensitive, low coast, simple
and selective methods of analysis. The advantages offered by sen-
sors including their simple design, reasonable selectivity, and fast
response; ion selective electrode were nominated it to be a method
of choice in many pharmaceutical analysis. An anionic type of ion
exchanger was used because TIM is as a cationic drug since it con-
tains quaternary ammonium group. The fundamental require-
ments for precipitation techniques were achieved by the use of
sodium phosphotungstate tribasic and ammonium Reinecke. They
are physically fit to the matrix and play the role of rapid ion
exchanger for TIM at the membrane-sample interface.
Due to the fact that sensitivity and selectivity of potentiometric
transducers depends mainly on the sensing material [15]. Very
selective interactions could be obtained by designing of sensing
materials complementary to the size and charge of a particular
ion. Therefore, MIPs may be used advantageously as sensor’s iono-
phore because the template’ shape is printed on it [16].
The main steps of preparation of MIPs involve the polymeriza-
tion of functional monomers in the presence of template molecules
and the initiators with the help of a cross-linker are. The binding
sites which keep the ordered arrangement of complementary
chemical functionalities of the template and the overall spatial
configuration of the target molecule remain after removal of the
template by washing. So they are able to bind selectively by the
analyte. That generates a signal translated by the transducer intoPlease cite this article in press as: L.A. Hussein, Application of membrane-selecti
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for the molecular imprinting process is shown in Fig. 2.
Few methods were reported for determination of TIM in phar-
maceutical formulation moreover some of them failed to analyse
TIM due to the color of Viscéralgine syrup. The novelty of the pre-
sent work is the development of ion selective electrode for deter-
mination of TIM in all available dosage form and the use of
molecularly imprinted materials as recognition elements doped
in a PVC matrix for selective potentiometric transduction of this
drug. In addition comparing the traditional precipitation technique
and the newly MIP one of ion selective membrane.
3.1. Characterization of the MIP
3.1.1. Fourier Transform Infrared (FTIR) analysis
FTIR spectra analysis was used for polymer characterization.
The TIM IR spectrum was characterized by a strong O–H band cen-
tered at 3436 cm1 and aromatic ring stretching vibrations band
around 1478 cm1 (Fig. 3(a)). The interaction between monomers
and template gave changeable peaks in the MIPs spectra, MIP/
AM/DVB spectrum (Fig. 3(b)) showed a board O–H stretching peak
at 3448 cm1 and CH stretching at 2960 cm1. The O–H broadening
suggesting that a hydrogen bonding interaction occurs
3.1.2. SEM analysis
The morphology for all prepared polymer beads was investi-
gated using the scanning electron micrography (SEM). Significant
differences in the morphology of the polymers as shown in
Fig. 4a and b. The non-imprinted polymers Fig. 4a had more
smooth and uniform shape than the imprinted polymers Fig. 4b
which had an irregular, rough morphology with small cavities.
The regular structure of the non-imprinted polymer was due to
the absence of specific binding sites in the polymers. The cavities
in the MIPs were probably attributed to the imprinting effect or
the introduction of TIM in the polymerization process.
3.1.3. Sensor performance characteristics
The synthesized MIPs was incorporated in PVC membranes and
dispersed into DOP plasticizer and was tested as sensing materials
in the proposed potentiometric sensors. The electrochemical cell of
the fabricated sensors for TIM determination could be illustrated
diagrammatically as follows:Ag/AgCl double junction reference
electrode/sample test solution//sensor membrane//102 mol L1
TIM (in 0.01 M HCl)/Ag/AgCl internal reference wire.
Characterization of the main analytical features for the studied
sensors was followed according to IUPAC recommendations (14).
Sensors 1 and 2 displayed cationic responses of 56.40 ± 1.2,
65.10 ± 1.1 mV/decade. The sensor prepared with TIM-MIPs mem-
branes were given in Fig. 5 giving response of 57.50 ± 1.5 mV/dec-
ade. These results suggested that TIM recognition was made
basically on the tailored-cavities of each polymer.
The validity of the proposed potentiometric method for deter-
mining TIM was assessed according to IUPAC recommendations
(14) by measuring the range, lower limit of detection (LOD), accu-
racy, repeatability, intermediate precision, linearity (correlation
coefficient) and sensitivity (slope). Data obtained with five deter-
minations each of TIM is The limits of detection (LODs) for TIM ran-
ged from 6.3  105, 7.5  105 and 3.3  106 mol L1 for sensors
1, 2 and 3, respectively.
MIP gave the best slope, sensitivity, LOD and response time,
Table 1, so it was the sensor of choice. The performance of the
membrane is highly affect by the presence of molecular imprinted
polymer, therefore a higher degree of binding will consequently
decrease the rate of leaching of the MIP together with the target
ion (co-extraction) to the aqueous sample phase. This may give
the reason why MIP was a better sensor for TIM than PT and R.ve electrodes for the determination of Tiemoniummethylsulphate, Bulletin
.001
Fig. 2. Schematic representation of molecular imprinting process.
Fig. 3. FTIR spectra of a: TIM, b: MIP/DVB/AIBN.
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The time required to achieve a steady potential (±3 mV) using
the proposed sensors in 1  105–102 mol L1 TIM solutions with
a rapid 10-fold increase in concentration was 10, 10 and 7 s for
sensors 1, 2 and 3, respectively.
These results indicate that sensors are amenable for use
with automated systems. Since low potential drift, long-term
stability and negligible change in sensors response werePlease cite this article in press as: L.A. Hussein, Application of membrane-selecti
Facult Pharmacy Cairo Univ (2016), http://dx.doi.org/10.1016/j.bfopcu.2016.11observed. The sensors were stored and conditioned in
1.0  102 mol L1.
3.1.5. Effect of pH
Fig. 6 shows the potential-pH profile for 102 mol L1 drug solu-
tions. A pH value within the range of 3–8 was found to be best from
the perspective of sensor function and the chemical form of TIM in
the test solution. The interference of hydronium ions and hydroxylve electrodes for the determination of Tiemoniummethylsulphate, Bulletin
.001
Fig. 4. Scanning electromicroscopic of, a: NIP b: MIP.
Fig. 5. Profile of the potential in mV versus log concentrations of TIM in mol L1
obtained with sensors 1, 2 and 3.
Table 1
Electrochemical response characteristics of the three investigated TIM sensors.
Parameter Sensor 1 Sensor 2 Sensor 3
Slope ± SD (mV/decade)a 56.4 ± 1.2 56.1 ± 1.1 57.5 ± 1.5
Intercept (mV) 360.3 431.1 305.5
LOD (mol L1)b 6.3  105 7.2  105 3.3  106
Response time (s) 5 5 7
Working pH range 2–7 2–7 2–7
Concentration Range (mol
L1)
104 to 102 104 to 102 105 to 102
Stability (days) 35 35 63
Average recovery (%) ± S.D.a 100.26 ± 0.62 100.01 ± 0.41 99.94 ± 0.84
Correlation coefficient 0.9996 0.9996 0.9996
a Average of three determinations.
b Limit of detection (measured by interception of the extrapolated arms of Fig. 1).
Fig. 6. Effect of pH on the performance of sensors 1,2 and 3.
Table 2
Logarithmic selectivity coefficients, Log KTIM Ipot , for the four sensors using the separate
solutions method (SSM).
Parameter Sensor 1 Sensor 2 Sensor 3
NaCl 3.0 4.3 3.8
KCl 2.9 4.0 3.8
Starch 3.2 4.5 3.8
Glucose 3.3 4.4 3.7
NH4Cl 1.9 4.5 2.1
CaCl2 4.4 4.2 4.1
FeCl3 3.4 3.6 3.5
FeSO4 3.8 3.7 3.5
aEach value is the average of three determination.
bCalibration curves were obtained by successive dilution and Nernstian response
was confirmed in the concentration range where selectivity was measured.
Table 3
Determination of TIM in Viscéralgine tablets and Viscéralgine syrup by the
proposed electrodes.
Pharmaceutical formulation Recovery% ± S.D.a of TIM
Sensor 1 Sensor 2 Sensor 3
Viscéralgine tablets (50 mg
TIM/tablet) Batch No.
710196
99.00 ± 0.96 100.14 ± 0.98 100.98 ± 1.09
Viscéralgine syrup 0216369
(10 mg TIM/5 mL) Batch
No. 0216369
99.40 ± 0.85 99.32 ± 0.99 100.65 ± 1.51
a Average of five determinations.
L.A. Hussein / Bulletin of Faculty of Pharmacy, Cairo University xxx (2016) xxx–xxx 5ions at pH values below the previously mentioned range is the
cause of the slight change in potential readings
3.1.6. Sensor selectivity
The interference of diluents and excipients listed in Table 2 was
checked by calculating the selectivity coefficient where the inor-
ganic ions exhibited an obvious non-Nernstian response. This can
be attributed to the difficulty of the ion exchange of these inor-
ganic ions into the lipophilic membrane.
3.1.7. Potentiometric determination of TIM in pharmaceutical
formulation
The proposed sensors were successfully applied for analysis of
TIM in bulk powder and pharmaceutical formulationPlease cite this article in press as: L.A. Hussein, Application of membrane-selecti
Facult Pharmacy Cairo Univ (2016), http://dx.doi.org/10.1016/j.bfopcu.2016.11(Viscéralgine tablets and syrup) as shown in Table 3. The validity
of the proposed sensor was checked by statistically compare the
results to those of the reported HPLC method and no significant
difference was found. Table 4.ve electrodes for the determination of Tiemoniummethylsulphate, Bulletin
.001
Table 4
Comparison between the results of analysis of TIM using the proposed method and reported HPLC method in pure form.
Value Ion Selective Electrodes *Reported method
Sensor 1 Sensor 2 Sensor 3
Mean ± SD 100.26 ± 0.62 100.01 ± 0.41 99.94 ± 0.84 100.25 ± 0.662
n 6 6 6 6
Variance 0.384 0.168 0.705 0.44
Student’s t Test (2.228)** 0.027 0.754 0.710 –
F value (5.05)** 1.145 2.619 1.602 –
* HPLC using a X-Bridge C18 column and acetonitrile: methanol: 0.05 M potassium dihydrogen phosphate in a ratio of (20: 5: 80 by volume) as a mobile phase, pH was
adjusted to 3.0 ± 0.1 with ortho-phosphoric acid. The flow rate was 1.5 ml/min. Detection was performed at 235 nm.
** The values between parenthesis are the theoretical values of t and F at (p = 0.05).
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TIM was successfully analyzed in pure form and pharmaceutical
formulations by the described sensors. The use of MIP as ISE’s
recognition material increased the membrane sensitivity and
selectivity of sensor 3 in comparison with sensor 1 and 2. The fab-
ricated sensors offer advantages of fast response and elimination of
drug pre-treatment or separation steps. Moreover, the membrane-
based ISEs are considered to be one of the greenest analytical
methods with regard to solvent consumption. Therefore, they can
be used for routine analysis of TIM in quality-control laboratories.
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